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The Nodal family of signaling molecules includes crit-
ical intercellular regulators of early vertebrate devel-
opment. In a recent issue of Nature, maternal tran-
scripts encoding the zebrafish nodal squint were
shown to be localized to the future organizer region
by the four-cell stage, providing the earliest evidence
of embryonic axis asymmetry in the zebrafish embryo.
Embryogenesis depends on the early establishment of
the embryonic axes. Unlike the Drosophila embryo, for
example, in which the early axes are specified during
oogenesis, the true embryonic axes of the vertebrate
embryo are established after fertilization. In the case of
fish and frogs, the egg is laid with an animal-vegetal
axis that corresponds to the future germ layer axis
(ectoderm, mesoderm, and endoderm), but the dorsal-
ventral, anterior-posterior and left-right axes are cre-
ated in a series of steps beginning with sperm entry.
In the Xenopus embryo, where the early events have
been the most thoroughly elucidated (reviewed in
Weaver and Kimelman, 2004), sperm entry triggers the
movement of particles containing at least two members
of the Wnt intracellular pathway from the vegetal region
toward the side of the embryo where Spemann’s orga-
nizer will eventually form (the dorsal side; Figure 1A).
These translocating particles, in combination with
Wnt11, which is translocated as RNA toward the same
side of the embryo (Tao et al., 2005), act to stabilize
b-catenin on the dorsal side of the embryo. With the on-
set of zygotic transcription, b-catenin directly activates
the transcription of a number of important genes,
including several members of the nodal family, on the
dorsal side of the embryo (reviewed in Kimelman and
Bjornson, 2004). Although the nodals are expressed
throughout the vegetal and marginal regions of the em-
bryo, this early b-catenin activation of nodal expression
results in a higher level of Nodal signaling on the dorsal
side of the embryo (Figure 1A).
The analysis of the early steps in zebrafish axis forma-
tion has lagged behind the Xenopus studies largely be-
cause the early fish embryo is technically more chal-
lenging to study. Nonetheless, it is clear that many
similarities exist between fish and frog embryos, de-
spite their dissimilar architecture. A factor involved in
dorsal axis formation is transported from the vegetal re-
gion of the fish egg after fertilization, which results in the
stabilization of b-catenin on the future dorsal side by the
128-cell stage (Figure 1B) (reviewed in Schier and Tal-
bot, 2005). Among the targets of b-catenin are the two
early-expressed nodal genes, squint (sqt) and cyclops
(cyc), although only sqt appears to be a direct target
of b-catenin (Dougan et al., 2003). An elegant analysis
of the role of sqt and cyc in zebrafish development using
different gene doses of the two nodals demonstrated
that the dorsal side of the embryo requires higher levelsof nodal function than does the lateral and ventral re-
gions (Dougan et al., 2003). Together with Xenopus
studies that support a role for high-level Nodal signaling
in organizer formation (Agius et al., 2000), this work pro-
vides a clear rationale for the enhancement of Nodal sig-
naling by the Wnt intracellular pathway on the dorsal
side of the embryo.
Gore and colleagues now provide an intriguing new
twist on the story by demonstrating that sqt transcripts
accumulate on the dorsal side of the embryo as early as
the four-cell stage (Gore et al., 2005). Surprisingly, the
sqt transcripts are initially ubiquitous but rapidly end
up in a discrete region, presumably by a translocation
mechanism (Figure 1B). Previous studies from these au-
thors demonstrated that the sqt transcripts move out of
the yolk and into the blastomeres within 30 min of egg
activation in a microtubule-dependent process (Gore
and Sampath, 2002). How the sqt transcripts then con-
gregate on the dorsal side of the embryo is unclear, but
could involve the transcripts binding to an anchor that
originated in the vegetal region of the embryo and
moved toward the future dorsal side by the four-cell
stage.
Using RNA injections, the authors refine the sqt local-
ization element to a 50 bp region in the 30 untranslated
region (UTR). Included in this region are two 4–5 bp con-
served motifs found in three other fish species. Surpris-
ingly, similar motifs are found in the 30 UTR of human,
chimpanzee, cow, and dog nodal genes. When the hu-
man nodal 30 UTR was attached to the lacZ gene, lacZ
transcripts were dorsally localized within the zebrafish
embryo. While the mammalian embryonic axis is estab-
lished using a quite different mechanism than is found in
fish, this result raises the intriguing possibility that local-
ization of nodal transcripts could be a general mecha-
nism for regulating nodal expression. Unfortunately,
the authors do not mention whether these conserved
motifs are found in the mouse nodal 30 UTR, which is
the most tractable system for testing this hypothesis.
But the most important question with regards to this
new discovery is: Why does the zebrafish embryo local-
ize maternal sqt transcripts, since b-catenin upregu-
lates zygotic sqt on the dorsal side? Mutants lacking zy-
gotic sqt have a relatively mild phenotype, which is also
seen with embryos injected with morpholino oligo-
nucleotides (MOs) targeted to sqt. However, when sqt
MOs are injected in oocytes in order to deplete the ma-
ternal sqt as well as the zygotic sqt, up to 34% of the
embryos show a more severe phenotype than when
only zygotic sqt is inhibited (Gore et al., 2005). What is
really needed at this point is an embryo lacking only ma-
ternal sqt function in order to critically evaluate the spe-
cific role of the early maternal sqt mRNA, especially
since a previous studied reported that there was no
phenotypic difference between fish lacking both mater-
nal and zygotic sqt compared to fish lacking only zy-
gotic sqt (Aoki et al., 2002).
What could the localized maternal sqtmRNA be doing
in the embryo? As mentioned above, the dorsal side of
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7Figure 1. Models for the Establishment of
Embryonic Asymmetry in Frogs and Fish
(A) A combination of particles involving Wnt
intracellular pathway factors and wnt11 RNA
are translocated to the future dorsal side of
the embryo. These factors locally stabilize
b-catenin, which enhances the transcription
of nodal genes on the dorsal side.
(B) In zebrafish, an undefined dorsalizing ac-
tivity translocates to the future dorsal side,
resulting in localized b-catenin stabilization
and enhanced dorsal nodal (squint + cyclops)
gene expression. In addition, maternal squint
transcripts, which are initially ubiquitous, lo-
calize to the future dorsal side by the four-
cell stage, further enhancing the dorsal levels
of Nodal activity.the embryo needs Nodal function more than the other
regions of the embryo, and thus the dorsally localized
maternal sqt could provide an extra dose of Nodal be-
cause the Squint protein would be translated on the dor-
sal side from the four-cell stage onward. In an interesting
parallel, two of the frog nodals are transcribed on the
dorsal side of the embryo long before the normal onset
of zygotic transcription (Yang et al., 2002). Despite the
mechanistic differences, perhaps we are seeing two dif-
ferent ways in which the early embryo provides a head
start to the nodal genes on one side of the embryo.
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